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(57) ABSTRACT 

The present invention provides an open-loop method for 
determining uplink transmission power in a satellite com- 
munication system 200 that compensates for antenna point- 
ing error attenuation and for rain attenuation. Satellite down- 
link signal 208 attenuation is measured. Antenna pointing 
information is then used in conjunction with antenna gain 
pattern information 400 to determine antenna pointing error 
attenuation. The measured downlink attenuation and 
antenna pointing error attenuation are then used to determine 
the amount of rain attenuation on the downlink 208. The 
downlink attenuation information is then used to determine 
the amount of uplink 216 attenuation to be expected. Uplink 
transmission power levels are then adjusted accordingly to 
overcome the expected uplink 216 attenuation. 
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PERFORMANCE ENHANCEMENT OF 
OPEN-LOOP POWER CONTROL FOR 
SATELLITE COMMUNICATION SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to a commonly assigned appli- 
cation entitled "Method for Enhancing the Performance of a 
Satellite Communications System Utilizing Multibeam 
Antennas", having inventors Donald Craig Wilcoxson and 
Eldad Perahia, filed on the same date as this application. 
That application is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to transmission 
power control for satellite communication systems. In 
particular, the present invention relates to a method for 
calculating uplink transmission power adjustments neces- 
sary to compensate for environmental effects such as the 
effects of rain attenuation (also known as rain fade) and 
antenna pointing error in a satellite communication system. 

Satellites have long been used to provide communications 
capabilities on a global scale. Typically, a modem commu- 
nications satellite includes multiple uplink and downlink 
antennas, each of which provides communications band- 
width to a large coverage area (or "footprint") using multiple 
spot beams. Modem satellite antennas operate at much 
higher carrier frequencies than those in previous systems. 
Thus, for example, m odem^ateUites mzy use Ka-band 
frequency uplin ks (at app roxJSajelv r 30^iHz A ) anddown links 
(aT^a^roxmatelv 20 GHz), while previous satellites used 
Ku^-ot^T^SSJ frequseey— uplinks and downlinks 
(approximaJely-4^12 GHz). 

Kajaajid. frequency downlin ks generate relatively sm all 
srxnbgjiins_oji-th€--sur^ ^ by 
a T7 spotbeam is commonly referred to as a cell. When spot 
beams are transmitted by a geosynchronous satellite, the 
diameter of an associated cell may be 300-400 miles. 
Generally, boundaries of a cell may be the points in the jspot 
beam where the antenna gain falls to a minimally acceptable 
level, e.g., -5 or -6 dB, relative to the gain at the center of 
the spot beam. Thus, a large number of spot beams may be 
required to cover a large land mass. 

Modem satellite communications systems operate with 
uplinks and downlinks at much higher carrier frequencies 
than earlier systems (for example, at Ka-Band). 
Consequently, modem satellite communications systems are 
susceptible to significant signal attenuation due to atmo- 
spheric conditions such as rain. Rain attenuation of the 
uplink and downlink represents a primary obstacle that must 
be overcome to achieve successful communication in the 
Ka-band. In the past, attempts to overcome rain attenuation 
problems typically have centered on transmission power 
control techniques. In general, conventional power control 
techniques attempt to adjust the transmission power of a 
ground terminal such that the power arriving at the satellite 
is constant, regardless of the rain attenuation affecting the 
uplink. Thus, when it rains and the attenuation due to rain 
increases, so does the ground terminars transmission power. 
When the rain subsides, the ground terminars transmission 
power is lowered commensurate with the current rain attenu- 
ation. Thus, conventional power control techniques are 
based on the magnitude of the rain attenuation. 

Techniques have been proposed that attempt to correct for 
rain attenuation in order to maintain a constant level of 
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received power at the satellite. As an example, Dissanayake, 
Asoka W., "Application of Open-Loop Uplink Power Con- 
trol in Ka-Band Satellite Links," Proceedings of the IEEE, 
Vol, 85, No. 6, June 1997, pgs. 959-969, discloses a type of 

5 open-loop power control in which beacon signals are imple- 
mented and signal levels measured. The system described by 
Dissanayake includes a satellite beacon in the downlink 
signal. Dissanayake measures characteristics of the beacon 
received at an earth station. A corrective uplink power level 

1Q is calculated based on the measured characteristics and 
based on knowledge of the effects of various atmospheric 
phenomena. 

Another technique is disclosed in U.S. Pat. No. 4,910,792, 
which uses bent-pipe transponders on board the satellite to 

15 relay an uplink signal back to earth for measurement. 
Bent-pipe transponders relay uplink signals back to earth in 
downlink signals without any demodulation or remodula- 
tion. The '792 patent discloses a technique which compares 
two signals. One signal is a reference signal sent from a 

20 reference station to a satellite in an uplink which is then 
relayed to an earth station in a downlink, and the other signal 
is an uplink signal sent from the ground station to the 
satellite in an uplink which is then relayed back to the earth 
station in a downlink. The results of the signal comparison 

25 are then used to adjust uplink transmission power. 

One drawback of bent-pipe techniques is that they cannot 
be directly implemented on more versatile decoding and 
switching satellite systems which do not include bent-pipe 
transponders. Another drawback is that imperfections in the 

30 uplink signal are included in the transponded downlink 
signal. Imperfections in the uplink signal render it difficult, 
if not impossible, to completely separate the atmospheric 
effects on the uplink from the atmospheric effects on the 
downlink. 

35 However, conventional power control techniques have 
experienced certain disadvantages since they have failed to 
realize that rain attenuation is only one significant contribu- 
tor to attenuation. Conventional power control techniques 
have failed to give special consideration to the effects of 

40 satellite antenna pointing error and the resultant shifts in 
spot beams and the overall antenna pattern. Antenna patterns 
are directional, and thus an incorrectly pointed antenna 
creates unexpected signal strength variations at the receiving 
mobile user or ground station. The affects of antenna point- 

45 ing error are most pronounced near the boundaries of a spot 
beam or cell. In the past, most satellite communication 
systems were designed to cover relatively broad coverage 
areas (e.g., the United States). With a broad coverage area, 
the vast majority of terrestrial users are located well within 

50 the boundaries of the coverage area. Thus, the affects of 
relatively small satellite or antenna pointing errors are 
generally negligible. However, more recently proposed cel- 
lular satellite communications systems use spot beams 
which provide relatively small cells (e.g., covering a single 

55 city or region). Hence, the percentage of terrestrial users 
near the boundaries of the coverage area of each cell is no 
longer negligible. In addition, transmission power control in 
cellular communications systems assumes additional impor- 
tance due to the high degree of frequency reuse and resulting 

60 cross-cell interference that occurs with improper transmis- 
sion power control. 

Past open-loop power control techniques generate signifi- 
cant errors in the estimate of the adjustment necessary in 
uplink transmission power when sources other than rain 

65 (particularly antenna pointing error) contribute to the down- 
link attenuation. As noted above, for ground terminals near 
the edge of the spot beam, antenna pointing errors may result 
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in significant uplink and downlink attenuation. Misclassify- Another object of the present invention is to provide an 
ing attenuation due to antenna pointing error as attenuation open-loop power control technique for satellite communi- 
due to rain when estimating the uplink attenuation from the cation systems in which antenna pointing direction is con- 
downlink attenuation can lead to significant errors, as sidered in the calculation of uplink transmission power 
explained below. 5 adjustments. 

Atmospheric conditions, such as rain, may attenuate the A««tu— ~u* ♦ * *u * ■ ■ * j 

uplink and downlink signals differently depending on the ° bjeCt ° f he P res K cnt inv f lon P rovide aa 

uplink and downlink frequencies. For example, for commu- °P en - loo P P ower ™* technique for satellite communi- 

nications signals in the Ka-band, the uplink attenuation due c*™*y**™ * which antenna pomting error attenuation 

to rain may be approximately 2.25 times greater (when 10 * nd T « atl ™ arc «P™ted and treated accordingly in 

measured in decibels (dB)) than the downlink attenuation calculatlon of appropriate uplink transmission power 

due to rain. adjustments. 

Atmospheric conditions, such as rain, may have uneven The P referred embodiment of the present invention pro- 
attenuation effects upon communications signals in the vides an open-loop method for determining uplink transmis- 
uplink and downlink because communications signals in the 15 S10n P ower ad J ustmeDts 10 a satellite communication system 
uplink have a different carrier frequency than signals in the that com P erlsates for antenna pointmg error and for rain 
downlink. For example, uplink signals may have a carrier attenuation. The method obtams measurements of downlink 
frequency of approximately 30 GHz, while downlink signals attenuation levels. Antenna pointing information is used in 
may have a carrier frequency of approximately 20 GHz. The combination with antenna gain pattern information and 
difference in carrier frequencies renders signals in the uplink 20 locatlon . ^formation to determine antenna pointing error 
much more susceptible to attenuation due to certain atmo- atte ™ation. The amount of rain attenuation is calculated 
spheric conditions, such as rain, than signals in the down- based 011 the measured attenuation and the antenna pointing 
l m k error attenuation. The amount of attenuation expected on the 

However, antenna pointing error may cause approxi- UpUnk " calculated ° n «« determined antenna point- 

mately the same amount of attenuation of communications 25 m ™° l att6nua,10n and the determined rain attenuation, 

signals in the uplink as in the downlink. An antenna has a BRIEF DESCRIPTION OF THE DRAWINGS 
predetermined gain pattern distributed across a given cell. 

As the antenna moves with respect to the cell, the antenna FIG. 1 illustrates the cellular structure of a satellite 

gain pattern across the cell similarly moves. Thus, when an communication system according to a preferred embodi- 

antenna is pointed correctly, a mobile station or ground 30 rnent of the present invention. 

station in the corresponding cell is located at a known gain FIG. 2 illustrates an open-loop power control system for 

level along the gain pattern. However, when an antenna is a satellite communication system according to a preferred 

misaligned, the associated antenna gain pattern is similarly embodiment of the present invention. 

misaligned with respect to the cell and to mobile stations or Fia 3 iIlustrates an example of a satellite with a multi . 

ground stations in the cell. Consequently, mobile or ground 35 beam antenna desi according t0 a preferred embodiment 

stations will experience attenuation (or amplification) due to 0 f tne p rese nt invention, 

a difference between the expected known gain level and an CT „ A u . . iL ' A - 

actual mis-aligned gain level. An antenna gain pattern may FIC V. 4 ^ lustrates f the f ffe <f ° f errors m antenna pointing 

be designed to be roughly identical for two or more carrier ^ g * P ^odiment of the present mven- 

frequencies. Therefore, signals in the uplink and in the 40 

downlink experience the same amount of attenuation due to FI 9* 5 illustrates an uplink power control method for a 

antenna pointing error. satellite communication system according to a preferred 

For example, a 5 dB loss may be measured in the embodiment of the present invention, 

downlink, and 3 dB of the loss may be due to antenna DETAILED DESCRIPTION OF THE 

pointmg error, and 2 dB of the loss due to rain. In conven- 45 PREFERRED EMBODIMENT 
tional systems all of the attenuation would be attnbuted to 

rain, and therefore, a power correction for the uplink of FiC). 1 illustrates a cellular satellite communication sys- 

11.25 dB (2.25*5 dB) would be calculated. However, a more tem which includes a pattern of cells 100 in which ground 

appropriate power correction would have been 7.5 dB (3 dB stations communicate with a satellite 102. A common char- 

for antenna pointing error, and 2.25*2 dB for rain 50 acteristic of cellular communication systems is a high degree 

attenuation). Thus, past techniques overcompensate for °f frequency reuse. Cells in close proximity, but typically 

attenuation. As a result, power is wasted, and cross-cell riot adjacent to each other, use the same frequencies. In FIG. 

interference is increased unnecessarily. 1» for example, the center cell 106 may use the same 

A need exists for providing a method for determining frequencies as the upper left cell 104. Due to imperfections 

appropriate uplink power correction under conditions of 55 in antenna patterns (as illustrated in FIG. 1 as simplified lobe 

combined rain attenuation and antenna pointing error. patterns 108 and 110), cells using the same frequencies are 

ct i\a\a a d v ™ -rue tma 7u vm /"\ kt not completely isolated from each another and will interfere 

SUMMARY OF THE INVENTION with each other accordingly , In Fia h for example> com . 

It is an object of the present invention to overcome the munication signals in the center cell 106 may cause inter- 
disadvantages previously experienced by implementing an eo ference with signals in the upper-left cell 104 and vice versa, 
improved open -loop power control technique for satellite As will be apparent in the discussion below, the preferred 
communication systems. * - embodiment of the present invention may be used to reduce 

Another object of the present invention is to provide an interference by correctly determining the transmission 

open-loop power control technique which determines appro- power levels required in the uplink to achieve reliable 

priate adjustments to uplink transmission power level based 65 communication with the satellite 102. 

on measurements and calculations of rain attenuation in the The burden of providing the desired power levels, as 

downlink. received by the satellite 102, falls on mobile terminals 
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and/or ground stations of the satellite communication sys- 
tem. Under ideal conditions, the transmission power levels 
of the mobile terminals and/or ground stations in the satellite 
communication system are reasonably well known. 
However, periodic and often unpredictable variations in the 5 
system operating environment affect the attenuation of the 
uplink signals, and thereby require appropriate adjustments 
in the uplink transmission power levels. 

FIG. 2 illustrates the components of one embodiment of 
the transmission power control system of the present inven- 30 
tion 200. A set of mobile terminals and/or ground stations 
202, 204, and 206 receive downlink communication signals 
208, 210, and 212, respectively, from a satellite 214 and send 
uplink communication signals 216, 218, and 220, 
respectively, to the satellite 214. FIG. 2 illustrates ground 15 
stations 202, 204, and 206 with directional antennas. How- 
ever mobile terminals and/or ground stations with omni- 
directional antennas may also be used. The system also 
includes a central processing station 222. An atmospheric 
event, such as rain 224, is shown occurring in the commu- 20 
nication path between the satellite 214 and a ground station 
202. 

The ground stations 202, 204 and 206 may be located in 
a single cell generated by a particular spot beam or may be 
located in different cells. Each spot beam has an associated 25 
gain pattern distributed across the cell. The cells may be 
geographically fixed or may be defined by the spot beam. 
The gain pattern of a spot beam determines the variation in 
spot beam strength across the cell Typically, the center of a 
cell is exposed to the greatest level of spot beam energy, 30 
principally, because antenna pointing results in the lobe 
pattern being centered around the desired center of each cell. 
The spot beam strengLh at the edges of a cell may differ by 
as much as 5 or 6 dB from the center of the cell. In addition, 
the change of spot beam strength with respect to distance 35 
from the spot beam center may be significantly greater near 
the edges of the spot beam than near the center of the spot 
beam. Therefore, slight variations in pointing error affect the 
spot beam strength at the edges much more than the spot 
beam strength at the center of the cell. The gain pattern for 40 
each spot beam may be determined, for example, by math- 
ematical modeling, laboratory measurement before launch, 
or direct measurement after launch. As will be explained 
below, once the gain pattern is determined, it is used to 
determine antenna pointing error attenuation in the satellite 45 
communication system. 

FIG. 5 illustrates a method of uplink power control for a 
preferred embodiment of the present invention 500. The 
ground station 202 receives a downlink signal 208 (step 502 
in FIG. 5). The ground station 202 measures the power level 50 
(i.e. signal strength) of the received downlink signal 208 
(step 504 in FIG. 5). The measured downlink signal 208 may 
be a standard communications signal, a beacon signal con- 
taining no communication information, or any other signal 
sent from the satellite 214 to the ground station 202. 55 
Optionally, other characteristics of downlink signal 208, 
such as signal-to-noise ratio, may be measured. Using the 
gain pattern of the spot beam in which the ground station 
202 resides, as well as its own location within the gain 
pattern, the ground station 202, determines attenuation of the 60 
downlink signal 208 that should be present due to antenna 
pointing error. The ground station 202 may then determine, 
based on its measurements, the current attenuation resulting 
from the rain 224. In a like manner, the other ground stations 
204 and 206 determine the downlink attenuation levels of 65 
signals received in the associated downlinks 210 and 212, 
respectively. The ground stations 202, 204 and 206 send the 
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downlink attenuation levels through respective uplinks 216, 
218 and 220 to the satellite 214 (step 506 in FIG. 5). The 
satellite 214 sends the downlink attenuation levels to the 
central processing station 222 through the central processing 
station downlink 226. The downlink attenuation levels, may 
alternatively be sent to the central processing station 222 
using ground-based networks. 

The ground stations 202, 204 and 206 may be small earth 
stations, satellite cellular phones, large earth terminals, etc. 
as long as their positions within respective spot beams is 
known in order to determine the amount of attenuation due 
to antenna pointing error. In addition, downlink signal 
characteristics other than attenuation (e.g. signal to noise 
ratio) may be included in the information sent to the central 
processing station 222. 

In satellites that have a known directional relationship 
between the satellite uplink and downlink antennas, infor- 
mation regarding downlink antenna pointing may be used to 
derive information regarding satellite uplink antenna point- 
ing information. FIG. 3 illustrates a satellite 300 with four 
pairs of uplink and downlink antennas. One such pair 
consists of a downlink antenna 302 and an uplink antenna 
304. As long as the directional relationship between the 
downlink antenna 302 and the uplink antenna 304 is known, 
pointing direction information derived for a downlink 
antenna 302 may be used to derive pointing direction 
information for an uplink antenna 304. 

Once the central processing station 222 receives the 
downlink attenuation levels, or measurements of other 
downlink signal characteristics such as signal-to-noise ratio, 
from the ground stations 202, 204 and 206, the central 
processing station 222 determines the pointing direction of 
the satellite antennas. Three parameters (attitude 
components) are generally considered to determine the 
pointing direction of a satellite: roll, pitch, and yaw. 
Typically, the roll axis is defined to be in the direction of the 
satellite velocity vector and is in the plane of the orbit. The 
pitch is defined as an axis perpendicular to the roll axis and 
perpendicular to the orbit plane. Finally, the yaw axis is 
perpendicular to each of the roll and pitch axes and is in the 
plane of the orbit. Therefore, when the satellite rotates about 
the yaw axis, the downlink spot beams may similarly rotate 
about the yaw axis. However, when the satellite rotates 
about the roll and pitch axes, the downlink spot beams move 
perpendicular to the velocity vector or parallel to the veloc- 
ity vector, respectively. 

Once the uplink antenna pointing information is 
calculated, antenna pointing information is disseminated to 
the ground stations. In the system illustrated in FIG. 2, the 
antenna pointing information is sent from the central pro- 
cessing station 222 to the satellite 214 through the central 
processing station uplink 228. The satellite 214 then dis- 
seminates the antenna pointing information to the ground 
stations 202, 204 and 206 through their respective down- 
links 208, 210 and 212. Alternatively, the antenna pointing 
information sent may be disseminated to the ground stations 
202, 204 and 206 through the use of landlines and other 
available communication methods. 

Once the ground stations 202, 204 and 206 receive the 
antenna pointing information, they determine, in conjunc- 
tion with their individual geographic location information 
and gain pattern information, the amount of downlink 
attenuation caused by antenna pointing error (steps 508 and 
510 in FIG. 5), FIG. 4 illustrates one example of the effect 
of antenna pointing error on spot beam strength. FIG. 4 plots 
the angle from the antenna beam boresight (i.e., the center 
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of the antenna) against the antenna gain relative to the peak 
gain produced by the antenna. FIG. 4 illustrates two plots. 
The first plot denoted by a solid line 402 is without any 
antenna pointing error. The second plot denoted by a dashed 
line 404 represents a plot for an antenna with a 0.1 degree 5 
shift away from the desired antenna pointing direction. As 
mentioned earlier, the attenuation due to a 0.1 degree 
antenna pointing error, which is shown as the difference 
between the two plots 402 and 404, may be less significant 
for an earth station located near the center of a cell, as 
denoted by vertical line 406 in FIG. 4 (boresight angle of 0). 10 
However, for an earth station located closer to a cell edge, 
as denoted by vertical line 408 (boresight angle of approxi- 
mately 0.3 degrees), the attenuation due to a 0.1 degree 
antenna pointing error is approximately 3 dB. 

Once the ground stations 202, 204 and 206 have calcu- 15 
lated the amount of downlink attenuation due to antenna 
pointing error, they proceed to determine the amount of 
measured downlink attenuation that was due to sources other 
than antenna pointing error (step 514 in FIG. 5). As an 
example, the ground station 202 may experience the rain 20 
event 224 and measure a downlink attenuation level of 5 dB. 
The ground station 202 may receive information from the 
central processing station 222 indicating that an antenna 
pointing error of -0.1 degree exists, and that ground station 
202 may be located at a 0.3 degree angle from the boresight 2 5 
(position in gain pattern denoted by line 408 in FIG. 4). 
Once the ground station 202 receives the above information, 
it will calculate that approximately 3 dB of the 5 dB of 
downlink attenuation was due to antenna pointing error (the 
difference between plots 402 and 404 at line 408 in FIG. 4). 3Q 
The ground station 202 determines that the remaining down- 
link attenuation of approximately 2 dB was due to causes 
other than antenna pointing error. The ground station 202 
assumes that, in the absence of antenna pointing error, rain 
attenuation is the dominant source of attenuation. 
Optionally, filtering techniques may be used to filter out 35 
attenuation due to atmospheric effects occurring at higher 
and lower frequencies than rain events. 

The required uplink transmission power is calculated by 
the ground station 202 (steps 516 and 518 in FIG. 5). The 
change in uplink transmission power (positive or negative) 40 
due to antenna pointing error is not generally a function of 
frequency. Therefore, if a ground station calculates a loss of 
3 dB due to antenna pointing error in the downlink, an 
expected loss of 3 dB due to antenna pointing error would 
be expected for a similarly pointed uplink antenna. 45 
However, in the frequency range of the Ka-band and EHF 
band, rain attenuation is significantly dependent upon fre- 
quency. For example, if a ground station calculates a loss of 
2 dB due to rain fade on a 20 GHz downlink, an expected 
loss of approximately 4.5 dB (2.25*2 dB) may be expected 50 
on a 30 GHz uplink. Combining the above exemplary 
antenna pointing error attenuation and rain attenuation, the 
ground station would measure 5 dB attenuation. The ground 
station 202 would determine an appropriate change in uplink 
transmission power of 7.5 dB (3 dB+4.5 dB). Once the 55 
expected attenuation of the uplink is calculated, the uplink 
transmission power of the ground station is adjusted accord- 
ingly (step 520 in FIG. 5). 

While particular elements, embodiments and applications 
of the present invention have been shown and described, it 60 
will be understood, of course, that the invention is not 
limited thereto since modifications may be made by those 
skilled in the art, particularly in light of the foregoing 
teachings. It is therefore contemplated by the appended 
claims to cover such modifications as incorporate those 65 
features which come within the spirit and scope of the 
invention. 
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What is claimed is: 

1. A method of controlling uplink transmission power in 
a satellite communication system having at least one satellite 
for transmitting and receiving communications signals over 
a downlink and uplink respectively, the method comprising: 

measuring downlink attenuation of a communications 
signal passing over the downlink from the satellite; 

determining an amount of an antenna pointing error 
attenuation component of said downlink attenuation 
and an amount of an atmospheric attenuation compo- 
nent of said downlink attenuation; and 

adjusting uplink transmission power based on said 
amount of the antenna pointing error attenuation com- 
ponent and said amount of the atmospheric attenuation 
component to compensate for said downlink attenua- 
tion. 

2. The method of claim 1 wherein said step of determining 
an amount of an antenna pointing error attenuation compo- 
nent comprises: 

receiving antenna pointing information; and 
determining said amount of the antenna pointing error 

attenuation component as a function of said antenna 

pointing information. 

3. The method of claim 1 wherein said step of determining 
an amount of an antenna pointing error attenuation compo- 
nent comprises: 

receiving antenna pointing information; and 
determining said amount of the antenna pointing error 
attenuation component based on said antenna pointing 
information and based on antenna gain pattern infor- 
mation. 

4. The method of claim 1, wherein determining an amount 
of an atmospheric attenuation component comprises deter- 
mining an amount of a rain fade attenuation component. 

5. The method of claim 1, wherein adjusting comprises 
adjusting uplink transmission power based on said amount 
of the antenna pointing error attenuation component, said 
amount of the atmospheric attenuation component, and an 
expected atmospheric attenuation factor between an uplink 
transmit frequency and a downlink receive frequency. 

6. The method of claim 5, wherein adjusting comprises 
adjusting uplink transmission power according to: 

p+(a-p)*f, where 

p is said antenna pointing error attenuation component, 

a is said downlink attenuation, and 

f is said expected atmospheric attenuation factor. 

7. A method of controlling an uplink transmission power 
in a satellite communication system having at least one 
satellite for transmitting and receiving communications sig- 
nals over a downlink and uplink respectively, the downlink 
communications signal being attenuated by a downlink 
attenuation level while traveling over the downlink, the 
downlink attenuation level having a downlink attenuation 
component caused by satellite antenna pointing error and a 
downlink attenuation component caused by rain, the uplink 
communications signal being attenuated by an uplink attenu- 
ation level while traveling over the uplink, the uplink 
attenuation level having an uplink attenuation component 
caused by satellite antenna pointing error and an uplink 
attenuation component caused by rain, the method compris- 
ing: 

determining an amount of a downlink attenuation com- 
ponent caused by satellite antenna pointing error; 

determining an amount of a downlink attenuation com- 
ponent caused by rain by measuring a downlink attenu- 
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ation amount and subtracting the amount of said down- 
link attenuation component caused by satellite antenna 
pointing error from said downlink attenuation amount; 
and 

adjusting an uplink transmission power based on the 5 
amount of the downlink attenuation component caused 
by satellite pointing error and based on the amount of 
the downlink attenuation component caused by rain. 

8. The method of claim 7 wherein said step of determining 
an amount of a downlink attenuation component caused by 10 
satellite antenna pointing error comprises: 

receiving antenna pointing information; and 
determining said amount of the downlink attenuation 
component caused by satellite antenna pointing error 
based on said antenna pointing information and based 
on antenna gain pattern information. 

9. The method of claim 7 wherein said step of adjusting 
an uplink transmission power comprises: 

determining an amount of an anticipated uplink attenua- 
tion component caused by antenna pointing error based 
on said amount of the downlink attenuation component 
caused by antenna pointing error; 

determining an amount of an anticipated uplink attenua- 
tion component caused by rain based on said amount of 25 
the downlink attenuation component caused by rain; 
and 

adjusting said uplink transmission power based on said 
amount of the anticipated uplink attenuation compo- 
nent caused by antenna pointing error and based on said 30 
amount of the anticipated uplink attenuation compo- 
nent caused by rain. 

10. The method of claim 7 wherein said step of deter- 
mining an amount of a downlink attenuation component 
caused by satellite antenna pointing error comprises: 35 

receiving antenna pointing information; and 
determining said amount of the downlink attenuation 
component caused by satellite antenna pointing error 
based on said antenna pointing information and based 
on antenna gain pattern information; 
wherein said step of adjusting an uplink transmission power 
comprises: 

determining an amount of an anticipated uplink attenua 



13. The method of claim 7, wherein adjusting said uplink 
transmission power comprises adjusting said uplink trans- 
mission power according to: 

p+r*f, where 

p is said downlink attenuation component caused by 

satellite antenna pointing error, 
r is said downlink attenuation component caused by 
rain, and 

f is an expected atmospheric attenuation factor between 
an uplink transmit frequency and a downlink receive 
frequency. 

14. The method of claim 7, wherein determining said 
amount of a downlink attenuation component caused by 
satellite antenna pointing error comprises determining said 
downlink attenuation component based in part on a ground 
station location in a satellite antenna downlink gain pattern. 

15. An uplink transmission power control system com- 
prising: 

a ground station for measuring an amount of downlink 
attenuation of a communications signal passing over 
the downlink from a satellite; 
a processing station for determining satellite antenna 
pointing direction with respect to the ground station; 
and 

a communication link for carrying the satellite antenna 
pointing direction to the ground station; wherein 
the ground station determines an amount of an antenna 
pointing error attenuation component of said down- 
link attenuation based on said satellite antenna point- 
ing direction and an amount of an atmospheric 
attenuation component of said downlink attenuation 
and determines an uplink transmission power adjust- 
ment based on said amount of the antenna pointing 
error attenuation component and said amount of the 
atmospheric attenuation component to compensate 
for said downlink attenuation. 

16. The uplink transmission power control system of 
claim 15, wherein the processing station is a central pro- 
cessing station operative to determine antenna pointing 
directions with respect to a plurality of ground stations. 

, . . . , 17. The uplink transmission power control system of 

tion component caused by antenna pointing error based dS „u; m ic „,u • *u u • *- 

nn *. n -A~L * f + u a v i *. ♦• * claim 15, wherem the atmosphenc attenuation component is 

on said amount of the downlink attenuation component . r , K 

a rain fade component. 

18. The uplink transmission power control system of 

claim 15, wherein the uplink transmission power adjustment 

is determined according to: 

p+(a-p)*f, where 
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i component 

caused by antenna pointing error; 
determining an amount of an anticipated uplink attenua- 
tion component caused by rain based on said amount of 
the downlink attenuation component caused by rain; 50 
and 

adjusting said uplink transmission power based on said 
amount of the anticipated uplink attenuation compo- 
nent caused by antenna pointing error and based on said 
amount of the anticipated uplink attenuation compo- 
nent cause by rain. 

11. The method of claim 10, wherein determining said 
amount of the anticipated uplink attenuation component 
comprises scaling said downlink attenuation component by 
an expected atmospheric attenuation factor. 

12. The method of claim 11, wherein scaling comprises 
scaling downlink attenuation component by an expected rain 
fade atmospheric attenuation factor. 
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p is said antenna pointing error attenuation component, 

a is said downlink attenuation, and 

f is an expected atmospheric attenuation factor between 

an uplink transmit frequency and a downlink receive 

frequency. 

19. The uplink transmission power control system of 
claim 18, wherein 'V is an expected rain fade atmospheric 
attenuation factor. 

20. The uplink transmission power control system of 
claim 15, wherein the ground station is a cellular telephone. 
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